Rock Mass Rating (RMR) methods were used for assessing the safe bearing pressure of the foundation. Consolidation grouting up to 6 m depth in the foundation using primary at 6 m spacing and secondary holes at 3 m spacing was recommended. After detailed investigations it was found that, the foundation is suitable to locate a housing chamber.
Introduction
This project will cater to the drinking water needs of 45 en-route villages and 3 towns namely Kolar, Bangarpet and Malur of Kolar district, which are having the recurring drought problems and shortage of drinking water. The water requirement of these towns and villages is about 500 Mcft and the dam gross capacity will also be 500 Mcft. This paper deal with the geotechnical assessment of the foundation of housing chamber. Suitable engineering measures for the treatment of foundation based on geotechnical assessment are recommended. Detailed engineering geological mapping samples were tested for the uniaxial compressive strength and assessment of the safe bearing pressure of the foundation was done based on rock type and rock mass rating classification.
Housing chamber of 12.6 m x 16.8 m dimension is being constructed at non-overflow section between Chainage 139.85 m to 165.85 m. Overall height of the structure is 43.0 m from raft top level (RL +660 m) to roof level (RL +703.40 m). Series of pumps are proposed to be installed at 694.1 m level i.e. at 34.1 m from the raft level. Thickness of raft proposed is 1000 mm. RCC steining wall is proposed on all sides except at water entry side to housing chamber.
Height of wall is 7.0 m from the top of raft. 2:1 slope is proposed beyond 7.5 m upto NGL with pitching.
Material and Methods
Grids were prepared for engineering geological mapping of the housing chamber floor area. The size of the grid was 2 m x 2 m, which was decided based on the mapping accuracy and resolution required for such investigations.
Grids for mapping were marked on the floor by surveyor using elevation & chainages. Detailed examination of rock types in each grid was carried out which includes mineralogical composition, texture, classification and nomenclature and degree/grade of weathering. The attitude and structure of the rocks, fractures and joint pattern present in the floor was determined for mapping. ISRM (1978), classifications for weathered rock mass was used to characterize the rock mass into different grade. The assessment of Rock Mass Rating (Bieniawski, 1989) for granite gneiss rock masses, based on the rock joints and their nature and laboratory test data was done. Assessment of the safe bearing pressure of the foundation was done from rock types and rock mass rating.
Engineering Geological and Geotechnical Assessment
Foundation floor engineering geological mapping is essential for important civil structures to provide permanent data set for geological interpretations during construction and also it forms valuable documentation for post-construction stage (Naithani et al. , 2017 . For very important structure, the supporting foundation strata should be studied and documented to provide data for credible geologic interpretations (Harikumar, 2010) . Shallow foundations cover such types of foundations in which load transfer is through direct bearing pressure of the bearing strata. Rock is recognized as the best foundation material. However, design engineers should be aware of the dangers associated with heterogeneity and unfavourable rock conditions since over stressing a rock foundation may result in large differential settlements or perhaps sudden failure (Naithani and Singh, 2016).
In order to evaluate the design basis foundation parameters for housing chamber, engineering geological mapping was carried out by on 1:200 scale (Figure 1 ). All the discontinuities in the rock mass of foundation of housing chamber with the zone of influence of the foundation has been identified and mapped. The primary purpose of the mapping is to provide a permanent record of conditions during the excavation. Mapping will be used to assess the requirement of any ground improvement. This permanent foundation record will assist in making better interpretation of post-construction foundation instrumentation data. Mass Rating (RMR) were used to evaluate the bearing capacity foundation parameters for the foundation of housing chamber. The rock type mapped was fine to medium grained granite/foliated gneiss, and the value of allowable bearing pressure calculated was 500.00 t/m2 based on rock mass classification. Average Rock Mass Rating (RMR) was taken for the estimation of Allowable Bearing Pressure using the procedure given in IS Code: 12070 -1987 (Table 4) .
From the geological point view the allowable bearing pressure value obtained from RMR, that is 257.8 t/m2 is recommended for the design of foundation on this stratum for housing chamber. 
Discussions and Conclusions
Based on the field observations and evidences, it was observed that entire floor area is characterized by fine to medium grained, hard and jointed foliated gneiss and granite containing feldspars, quartz and biotite. Depth persistence and lateral prevalence of bed rock was established. The floor region is fresh to slightly weathered but prominent joints were present. Field investigations and assessment indicated that the rock mass is quite competent and acceptable for the foundation. The grade of the rock mass as evaluated from the condition of discontinuities and UCS, has RMR values varying from 53 to 72 and falls under fair to good rock mass. Designer has assumed the safe bearing capacity of rock is 40 t/m 2 in the design of housing chamber, while based on RMR, recommended allowable bearing pressure value is 257.8 t/m 2 , which is much higher than the assumed value.
The structural features observed during the mapping indicated that the consolidation grouting up to 6.0 m should be done in the foundation using primary, secondary and tertiary holes so that the entire floor area functions as a single rock mass. The pressure and proportion of grout mixes to be used for injection shall be based on water pressure test and the results of trial grouting operation. The holes which absorb water greater than 3 lugeons, shall invariable be grouted. The grout holes shall be laid out in line with secondary holes staggered with reference to the primary holes on the adjacent lines. Spacing between holes initially shall be 6 m centre to centre. After completing the grouting through these primary holes intermediate holes will be taken in between primary holes. The number of holes for further grouting i.e. tertiary grouting -which will be determined based on results of drilling and grouting of intermediate holes, will be such that a continuous consolidated area of satisfactory water tightness is achieved.
It was recommended to complete blasting before taking up grouting operation. If blasting after grouting is unavoidable, through testing and re-grouting will be essential after blasting. Plain Cement Concrete (PCC) of M15
grade lining up to the design foundation level (i.e. RL+659.00 m) should be done before 1000 mm thick raft foundation.
During the foundation treatment, it should be ensured that area is free from water. Care should be taken to remove loosened pieces of rock from the foundation and washing and air jetting should be done so that foundation rests on practically undisturbed rock mass.
